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DOES KNEE EXTERNAL ROTATION DIFFER ACCORDING TO FRONTAL
PLANE KNEE ALIGNMENT AND THE PRESENCE OF PATELLOFEMORAL
OSTEOARTHRITIS AFTER ANTERIOR CRUCIATE LIGAMENT
RECONSTRUCTION?
A.G. Culvenor y, A.G. Schache z, B.T. Vicenzino y, N.J. Collins z,
J.L. Cook x, M.G. Pandy z, K.M. Crossley y. yUniv. of Queensland, Brisbane,
Australia; zUniv. of Melbourne, Parkville, Australia; xMonash Univ.,
Melbourne, Australia
Purpose: Patellofemoral (PF) osteoarthritis (OA) and anterior cruciate
ligament reconstruction (ACLR) have both been shown to be associated
with frontal plane knee malalignment and greater tibial external rota-
tion. However, little is known about frontal plane malalignment and
knee external rotation in people with PF OA after ACLR. The aim of this
study was to evaluate the association between frontal plane knee
alignment and tibial rotation angle during walking and running in
people with and without PF OA after ACLR.
Methods: Thirty-six individuals from an ACLR database who were 9
years after hamstring graft ACLR with either radiographic PF OA (with
no, or less, concomitant tibiofemoral OA; n¼18; 56% male; age 4710
years; BMI 27.33.8kg$m-2) or no OA (n¼18; 61% male; age 409
years; BMI 26.64.1kg$m-2) participated in a cross-sectional study.
Knee rotation in the ACLR knee was measured in a gait laboratory using
a point-cluster technique and a three-dimensional motion analysis
system (VICON) during gait (2 speeds: walking at self-selected speed
and running at 2.5-3.5 m.sec-1). Weight-bearing frontal plane knee
alignment was measured with a digital inclinometer, and participants
were classiﬁed as having either varus or valgus alignment using
a previously validated formula. Repeated-measures analysis of covari-
ance (covariates: age, gender, BMI) with speed (walk, run) and event
(initial contact, point of maximum knee ﬂexion during stance, toe-off)
as within-subject factors, and OA status (PF OA, no OA) and frontal plane
alignment (varus, valgus) as between-subject factors, was used to assess
the interaction between PF OA and frontal plane alignment on tibial
external rotation angle. Post-hoc tests were conducted where indicated
(a¼0.05).
Results: Signiﬁcant interactions were found between PF OA and frontal
plane alignment on tibial rotation angle during walking and running
(F(1,29) ¼ 9.32, p ¼ 0.005). Post-hoc tests revealed that in individuals
with valgus alignment, those with PF OA demonstrated a mean 5 (95%
CI: 0 to 10) more tibial external rotation than those without OA across
both gait speeds (Figure 1) with a moderate effect size (standardised
mean difference (SMD)¼0.53). For individuals with varus alignment,
those with PF OA had a mean 3 (-1 to 6) less tibial external rotation
than those without OA with a smaller effect size (SMD¼0.38).
Conclusions: Nine years after ACLR a signiﬁcant interaction effect
between PF OA and frontal plane alignment on tibial external rotation
angle exists during walking and running. Greater tibial external rotation
in those with PF OA with valgus aligned knees may be clinically
important, given that a rotational shift of similar magnitude has been
suggested to be sufﬁcient to cause acceleration of cartilage degenera-
tion. Further prospective studies are required to determine if this
relationship indicates altered movement patterns due to PF OA, or if it
may be a risk factor for PF OA development after ACLR.Ă163
DIFFERENT ALTERATIONS IN THE SIT TO STAND MOVEMENT
PATTERN IN WOMEN WITH EARLY AND ESTABLISHED MEDIAL
COMPARTMENT KNEE OSTEOARTHRITIS
I.A. Baert y,z, A. Mahmoudian y, I. Jonkers y, F. Staes y, F.P. Luyten x,
S. Truijen k,z, S.M. Verschueren y. yKU Leuven, Heverlee, Belgium;
zArtesis Univ. Coll. of Antwerp, Merksem, Belgium; xUZ - KU Leuven,
Leuven, Belgium; kUniv. of Antwerp, Antwerpen, Belgium
Purpose: Several gait alterations including a greater loading of the
medial compartment have been documented in patients with moderate
to severe knee osteoarthritis (OA), but not in knee OA patients with
beginning joint degeneration (early knee OA). The Sit to Stand (STS)
movement is a mechanically more demanding task, requiring greater
joint forces and moments, and is considered as one of the most difﬁcult
activities of daily life for patients with knee OA. Therefore, the aim of
this study was to assess whether early knee OA patients did show an
altered movement strategy in the more demanding STS movement
compared to established knee OA patients and healthy controls.
Methods: A novel classiﬁcation system, incorporating Magnetic Reso-
nance Imaging, was used to identify patients with early knee OA.
Thirteen female subjects with symptomatic early medial compartment
knee OA,16 female subjects with establishedmedial compartment knee
OA (Kellgren and Lawrence grade  2+) and 16 asymptomatic female
control subjects volunteered for the study. A 3D motion analysis system
and force platform were used to capture the movement pattern during
the STS task. Outcome measures included spatiotemporal variables
(duration of movement - angular velocity), kinematic variables (joint
angles) and kinetic variables (joint moments). Differences between
groups were analyzed using a one-way analysis of variance.
Results: The duration of the STS movement and the knee angular ﬂexion
velocity were not signiﬁcantly different between the three groups. Early
OA subjects showed no signiﬁcant differences in kinematic variables
during the STS movement. In contrast, the established OA group had
a smaller knee ﬂexion range ofmotion (61.0 degrees versus 67,4 degrees),
related to signiﬁcantmore remaining knee ﬂexion after reaching the ﬁnal
standing posture (15.7 degrees versus 9.9 degrees). They also showed
signiﬁcantly less knee abduction (11.5 degrees versus 14.4 degrees) and
a signiﬁcantly higher maximal knee adduction angle (6.7 degrees versus
1.9 degrees). Both OA groups showed different alterations in kinetic
variables during the STS movement. Early OA patients showed a signiﬁ-
cantly higher peak hip ﬂexion moment (0.28 Nm/kg versus 0.17 Nm/kg)
and established OA patients showed a signiﬁcantly larger KAM impulse
(0.04 Nm/kg versus -0.02 Nm/kg) compared to controls.
Conclusions: Differences in the STS movement kinematics and kinetics
that were only present in patients with established knee OA and not in
patients with early knee OA are most likely a consequence of structural
degeneration in medial compartment knee OA and reﬂect mechanical
overload of the medial compartment. On the other hand, the higher
peak hip ﬂexion moment during the STS movement that was present in
the early stage of knee OA could reﬂect a compensatory mechanism in
order to avoid an increase in peak knee ﬂexion moment on their
diseased knee. Higher knee ﬂexion moments would entail higher force
demand for the quadriceps, higher overall joint compression forces and,
subsequently, an increase in pain. In contrast with the ﬁndings in gait
analysis, early OA patients did show an adaptation in their STS move-
ment strategy compared to healthy controls which supports the rele-
vance of classiﬁcation of early knee OA.164
BIOMECHANICAL FACTORS RELATED TO RESPONSE TO LATERAL
WEDGE INSOLES
G.J. Chapman y, M.J. Parkes z, L.M. Forsythe z, D.T. Felson z,
R.K. Jones y. yUniv. of Salford, Salford, United Kingdom; zUniv. of
Manchester, Manchester, United Kingdom
Purpose: Lateral wedge insoles reduce the external knee adduction
moment (EKAM), however approximately 30% of patients have a para-
doxical increase in EKAM. Identifying and understanding why these
patients increase EKAM is critical for prescribing the correct treatment
for these patients. Evidence suggests ankle biomechanics may play
a key role in reducing EKAM as lateral wedge insoles have been shown
to shift the centre of foot pressure (COFP) laterally, increasing ankle
eversionmoment and shorten the lever arm separating ground reaction
force (GRF) from knee thus reducing the EKAM. To date, patients have
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insoles. In contrast we grouped patients by EKAM response to lateral
wedge insoles to determine if dynamic coronal ankle biomechanics
and/or knee-GRF lever arm distance can identify and explain why some
patients increase EKAM whilst other decrease EKAM.
Methods: Participants with knee pain who met ACR criteria for knee OA
with predominant narrowing in the medial tibiofemoral compartment
underwent a 3D kinematic (Qualysis OQUS, Gothenburg, Sweden) and
kinetic (AMTI, USA) analysis whilst walking in a control shoe and two
different lateral wedge insoles which were inserted bilaterally into the
control shoe. The order of testing was randomised. Data from lateral
wedge insoleswere combined, as both have been shown to reduce EKAM.
We classiﬁed participants as biomechanical responders (responder) if
participants decreased EKAM under both lateral wedge conditions
compared to the control shoe.Wedeﬁned biomechanical non-responders
(non-responder) as those whose EKAM increased when wearing both
lateral wedges compared to the control shoe. Based on these groupings,
we compared coronal plane lower limb biomechanical variables to eval-
uate if dynamic ankle biomechanics and knee-GRF lever arm distance
differedbetween groups. As predictors,we examined themeandifference
between a variable's value on the wedge and its value while wearing the
control shoe. Stepwise regression analysis determined if biomechanical
measures predicted response. Due to collinearity of several predictor
measures, thesewere conﬁrmedby further pairwise Pearson correlations.
Results: Of the 70 participants studied (43 male), 20% increased their
EKAM (non-responders; 11.68% Nm/kg, 95% CI 6.60% to 16.13% Nm/kg)
and 54% decreased their EKAM (responders; -12.09% Nm/kg, 95% CI
-14.82 to -9.60 Nm/kg). The remainder showed inconsistent responses to
the twowedges. Althoughwedge insoles signiﬁcantly shifted COFP more
laterally at EKAM (-3mm; 95% CI -4mm to -2mm), there were no
differences in the COFP shift between responders and non-responders,
nor for ankle eversion moments (p > 0.05). Non-responders had a more
everted foot compared to responders, while wearing insoles than control
shoes (ankle angle at EKAM, p ¼ 0.058; peak ankle angle, p ¼ 0.064).
When wearing insoles, non-responders had a signiﬁcantly longer lever
arm than responders (p ¼ 0.01) with no differences between groups in
coronal shank angle or GRF angle (p > 0.05). Regression analysis showed
change in lever arm distance predicted EKAM change when wearing the
lateral wedge compared to the control condition (r2 ¼ 0.15, p ¼ 0.004).
Conclusions: Our ﬁndings demonstrate that lever arm distance differs
between responders and non-responders towedge insoles. This conﬁrms
recent ﬁndings showing that reduced lever arm distance is one of the
mechanisms for a reduced EKAM when wearing lateral wedge insoles,
but to a lesser extent than previous literature. The ﬁndings also
demonstrate that ankle biomechanics may play a role in determining
biomechanical response to lateral wedge insoles and may provide future
insights into determining who will respond to lateral wedge insoles.165
DOSAGE OF VALGUS UNLOADER BRACES INFLUENCE KNEE
MECHANICS IN PATIENTS WITH KNEE OSTEOARTHRITIS
S. Robbins y, D. Rutherford z, C. Hubley-Kozey z, W. Stanish z. yCtr. for
Interdisciplinary Res. in Rehabilitation, Constance Lethbridge
Rehabilitation Ctr. and McGill Univ., Montreal, QC, Canada; zDalhousie
Univ., Halifax, NS, Canada
Purpose: Knee valgus unloader braces (VUB) are designed to off-load
the medial compatment in patients with knee osteoarthritis (OA). The
inﬂuence of VUB dosage (i.e. how often a patient wears the brace) on
walking without the brace have not been examined and this has
implications for brace prescription. This study examined the effect of
VUB dosage over 6 months on knee mechanics and muscle activation in
patients with moderate knee OA during walking without the brace. It
was hypothesized that high VUB dosage would result in greater
differences in gait waveforms between baseline and follow up.
Methods: Participants (n¼33)with kneeOA predominantly in themedial
compartment and prescribed a custom-ﬁtted VUB (Breg) were recruited.
During walking, muscle activation was recorded using standardized
protocols for surface electromyograms (EMG) from lateral/medial
gastrocnemius, vastus lateralis/medialis, rectus femoris, and lateral/
medial hamstrings. Knee angles and external moments were calculated
from three dimensional lower extremity motion and ground reaction
forces. EMG waveforms were amplitude normalized to maximal volun-
tary isometric contractions and moments were amplitude normalized to
body mass.At baseline and 6 months, participants walked 6 m at their self-selected
speed. They completed 5 trials without VUB. Ensemble averaged
waveformswere created from 5 trials for each condition andwere time-
normalized to 100% gait cycle. Over 6 months, participants completed
weekly surveys estimating the hours of brace wear per day (dosage).
Principal gait waveform patterns were identiﬁed using principal
component analysis for each muscle group, knee angle and knee
moment. Principal component scores (PC-scores) were calculated for
each individual waveform.
Participants were grouped into high (>4 h/d) and low dosage groups
based on the distribution of dosage. Groups were compared on
descriptors (e.g. age), gait speed and Western Ontario and McMaster
Universities Arthritis Index (WOMAC). Relationships between dosage
group and PC-score changes from baseline to 6 months were examined
using linear regression analyses after controlling for age, sex and body
mass index (BMI).
Results: Only 29 participants that completed dosage surveys were
analyzed (5 women, age 5910y, BMI 31.54.7 kg/m2). High and low
dosage groups wore the VUB on average 92 and 21 h/d respectively.
At baseline no differences in group descriptors existed, but the high
dosage group reported greater decreases in symptoms (lower WOMAC
scores) (p¼0.02) at 6 months. Gait speed (w1.24 m/s) was the same
between groups and test times. Dosage did not have a signiﬁcant effect
on the change in EMG or knee angle PC-scores. Dosage group was
associated with change in PC2-scores for knee sagittal (R2¼0.20,
p¼0.02) and frontal (R2¼0.14, p¼0.05) moments. Speciﬁcally, low
dosage was associated with a greater difference between early ﬂexion
and late extension sagittal moments and a smaller difference between
early and mid/late stance adduction moment at 6 months. In contrast,
high dosage group moved toward a greater difference between early to
mid/late stance adduction moment, but a smaller difference between
initial ﬂexion and late stance extension moments after 6 months.
Conclusions: VUBs are designed to alter knee mechanics in the direc-
tion of off-loading the medial compartment during gait. After 6 months
of brace wear, VUB dosage was related to changes in knee moments
during gait without the VUB. However, no relationship between dosage
and knee angles or muscle activation patterns existed. There were only
small changes in knee frontal and sagittal moments, but the combina-
tion of these changes for the high dosage group was associated with
improved symptoms. These differences may indicate loading environ-
ment alterations can be expected but further work on dose response is
required to facilitate clinical prescription guidelines.166
GAIT BIOMECHANICS DIFFER IN PATIENTS WITH PRIMARY AND
SECONDARY KNEE OSTEOARTHRITIS
S. Robbins y, T. Birmingham z, R. Gifﬁn z. yCtr. for Interdisciplinary Res. in
Rehabilitation, Constance Lethbridge Rehabilitation Ctr. and McGill Univ.,
Montreal, QC, Canada; zWolf Orthopaedic Biomechanics Lab., Fowler
Kennedy Sport Med. Clinic and Univ. of Western Ontario, London, ON,
Canada
Purpose: To compare knee angles and moments during gait between
patients with primary (non-traumatic) and secondary (post-traumatic)
knee osteoarthritis (OA).
Methods: Patients presenting to a tertiary care centre with medial
compartment knee OA were classiﬁed as having primary (n¼122, 36
women) or secondary OA (n¼107, 22 women) based on evidence of
previous trauma (e.g. ligament rupture) conﬁrmed by arthroscopy.
Participants underwent radiographic assessments in standing to
determine OA severity using Kellgren-Lawrence scores (KL-scores) and
alignment using the mechanical axis angle (MAA).
Participants underwent 3D gait analysis consisting of ﬁvewalking trials at
self-selected speed. Datawere collected using22 reﬂectivemarkers, eight-
cameramotion analysis system sampled at 60Hz, and force plate sampled
at 1200 Hz. Knee external moments were calculated throughout stance
using inverse dynamics. Discrete parameters (e.g. peak values) were
chosen from sagittal and frontal knee angle and moment waveforms for
further analysis. Also, principal component analysis was performed for
each angle and moment to reduce waveform dimensionality. Three prin-
cipalpatternswereproducedforeachangleormomentandthesecaptured
waveform temporal and amplitude characteristics. Individual waveforms
were then scored against the principal patterns to produce PP-scores.
Student's t-tests or Mann-Whitney U tests for independent samples
compared group descriptors (e.g. age, body mass index, radiographic
